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WHAT IS CLAIMED IS : 
r 1- Aji expression vector comprising: 

(a) aV:oding region with nucleic acids coding 
for a peptide product coupled in reading frame 3' of 
nucleic acids coding for a signal peptide; and 

(b) a control region linked operably with the 
coding region, saioi control region comprising a plurality 
of promoters and atXleast one ribosome binding site, 
wherein at least one\of said promoters is tac. 

2. The vecAor of claim 1, comprising a 
plurality of transcription cassettes, each cassette 
having said control regVon and said coding region. 

3. The vectorXof claim 1, further comprising 
nucleic acids coding for a repressor peptide capable of 
repressing expression con-ofrolled by at least one of said 
promoters . 



u 




4 . The vector ofv^^^Jcaiirt 3 , wherein the nucleic 
acids coding for the repressor encode a lac repressor. 

5. The vector of claim 1, wherein said control 
region has exactly two promoters 

6. The vector of claimVl, wherein said tac 
promoter is 5' of another promotei:\ in said control 
region. 

7^ The vector of claim 1, Vherein the control 
region comprises both a tac promoter and a lac promoter. 
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8. lUie vector of claim 7, wherein the lac 
promoter is 2' \f the tac promoter . 

9. TheWector of claim 1, wherein said nucleic 
acids coding for the signal peptide encode a signal 
peptide for secretefl bacterial proteins. 

10. The vdctor of claim 9, wherein said signal 
is OmpA signal peptide 

11. The vectbr of claim 1, wherein said 
peptide product has a molecular weight of less than 
10 KDa. 

12. The vector V)f claim 1, wherein the C- 
terminal amino acid of saia peptide product is glycine, 

13. The vector of\ claim 12, wherein said 
peptide product is salmon caJJcitonin precursor • 

14. The vector of claim 12, wherein said 
peptide product is calcitonin g^ne related peptide 
precursor. 

15. The vector of claiiA 12, wherein said 
peptide product is selected from tlte group consisting of 
parathyroid hormone, the first 34 amno acids of 
parathyroid hormone, and a 35 amino a\c id peptide having a 
C-terminal glycine in position 35 andV:he first 34 amino 
acids of parathyroid hormone in positions 1-34. 
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16.\The vector of claim 1, further comprising 
nucleic acids coli^ng for at least one secretion enhancing 
, peptide. ^ 

L. ^ ) 

The vector of claim wherein the 
secretion enhancing peptide is selected from the group 
consisting of secY and prlA-4- 

I 

1^ The vector of claim ^6, wherein the 
secretion enhancing peptide is secE. 

^9. The vector of claim , wherein a 
plurality of secretion enhancing peptides are encoded, at 
least one of which is secE and the other of which is 
selected from the group consisting of secY and prlA-4. 

r 

20. A hWt cell transformed or transfected 
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with the vector of c?iaim 1. 

Zi. A host cell transformed or transfected 
with the vector of claim J/^. 

r . . . 

22. TUie host cell of claim 20, wherein said 
host cell is a bacterial cell. 



23. The ftpst cell of claim 22, wherein said 
bacterial cell is a gtam negative bacterial cell. 

24. The host \(^1 of claim 22, wherein said 
bacterial cell is coll 

25. The host cell\>f claim 24, wherein said E. 
coll is strain BLR. 
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26. The host cell of claim 24, wherein said E. 
coli is strain bX»21- 



27. 



I^oli is strain WAS 3 7 



r 




cell of claim 24, wherein said 



The host cell of claim 22, wherein said 
host cell furth^ expresses at least one secretion- 
enhancing peptide. 



The host cell of claim >2^, wherein the 
secretion enhancing peptide is selected from the group 
consisting of secY and prlA-4. 



yi. The host cell of claim 
secretion enhancing peptide is secE. 



wherein the 



The host cell of claim ^ , wherein a 
plurality of secretion enhancing peptides are encoded, at 
least one of which is secE and the other of which is 
selected from the group consisting of secY and prlA-4. 



r 



32 . E. coli host containing and expressing, 

an expression vector which comprises a plurality of 
transcription cassettes in tandem, each cassette 
comprising: 

(a) a codinqr region comprising nucleic acids 
coding for a peptide i^mmict/ coupled in reading frame 3' 
of nucleic acids coding Vor a signal peptide; and 

(b) a control retgion linked operably with, the 
coding region, said control region comprising a plurality 
of promoters in tandem and a\ least one ribosome binding 
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site, wherein at least one of said promoters is selected 
from the group consisting of tac and lac. 

33. Tne host of claim 32, wherein said control 
region comprises Ifrom 5' to 3' a tac promoter and a lac 
promoter. 

34. The kost of claim 32, wherein said vector 
has exactly two transcription cassettes in tandem. 

35. A hostXcell transformed with an expression 
vector which comprises \a gene for expressing salmon 
calcitonin precursor, sa^id host cell being E. coli strain 
BLR. 

36. A host celA transformed with an expression 
vector which comprises a gene for expressing calcitonin 
gene related peptide preci^^ff^, said host being E. coli 
strain BLR. 

37. A method of pro^iucing a peptide product 
which comprises culturing the host cell of claim 20 in a 
culture medium and then recovering the peptide product 
from the medium in which the host Veil has been cultured. 

38. The method of claim 3y wherein peptide 
l^roduct yield exceeds 100 mg per lite^ of media. 

I A method of producing a peptide product 

which comprises culturing the host cell of claim JFL in a 
culture meidium and then recovering the peptide product 
from the. medium in which the host cell has been cultured. 
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40. A method of producing a peptide product 
which comprises \culturing the host cell of claim 35 in a 
culture medium and then recovering the peptide product 
from the medium in which the host cell has been cultured. 

41. The method of claim 37, wherein the 
peptide product is salmon calcitonin precursor. 

42. The method of claim 37, wherein the 
peptide product is calcitonin gene related peptide 
precursor. 

43. The vectoV of claim 1, wherein said 
peptide product is selected from the group consisting of 
parathyroid hormone, the first 34 amino acids of 
parathyroid hormone and 3 5\ amino acid peptide having a C- 
terminal glycine in positioh 35 and the first 34 amino 
acids of parathyroid hormone in positions 1-34. 

44. The method of claim 38, wherein a method 
of induction is started prior ^to stationary phase. 

45. The method of Waim 44, wherein the 
induction method is by addition of a chemical inducer. 

46. The method of claim\45, wherein the 
induction is by addition of at leas^ one inducer selected 
from the group consisting of IPTG and lactose. 

47. A method of producing a peptide product 
which comprises the steps of: \ 

(a) culturing host cells of claim 20 in a 
culture medium in the presence of a carbon source and 
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inducing the Expression of the peptide product, while 
controlling growth of said host cells at a growth rate 
between 0.05 anfl 0.20 doublings per hour; and 

(b) thereafter recovering said peptide product 
from the medium. \ 

48. The method of claim 47, wherein a 
membrane-permeabilizing amount of glycine is present in 
the medium during at\ least a portion of said controlled 
growth . \ 

49. The metkod of claim 47, wherein an inducer 
and carbon source are aUded during each hour of culturing 
in amounts such that the weight ratio of the inducer to 
the carbon source added ^n any one hour does not vary by 
more than 50% from the ratio added during the entire 
fermentation period. \ 

50. The methoc^jyrVoi^im 47, wherein no 
external carbon source is introduced into the medium 
until carbon source initially present in said medium is 
depleted to a level at which it could not continue to 
support the life of said host absent introduction of 
external carbon source into thei medium, and wherein 
carbon source is thereafter added at a rate which 
maintains said growth rate betweten 0.05 and 0.2 0 
doublings per hour. \ 

51. The method of claim \47, wherein the host 
cell is cultured for a period between 20 and 32 hours 
post induction. \ 
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52*. TJhe method of claim 47, wherein the host 
lture< 
post induction. 



cell is culturedXfor a period between 24 and 27 hours 



53- TheWethod of claim 47, wherein the host 
cell is cultured at\a temperature between 2 0 and 3 5*'C. 

54. The method of claim 47, wherein the host 
cell is cultured at a \temperature between 28 and 3 2 °C. 

55. The metnpd of claim 47, wherein the host 
cell is cultured at a temperature between 29.5 and 
30,5*'C. 

56. The method\of claim 47, wherein the pH of 
the culture medium is between 6.0 and 7.5. 

57. The method of claim 47, wherein the pH of 
the culture medium is between 6.78 and 6.85. 

58. The method of cAa^ni 47, wherein the pH of 
the culture medium is between V^6 and 7.0. 

59. The method of cl^m 47, wherein oxygen 
saturation of the culture medium \is at least 20%^ 

60. The method of claim\47, wherein oxygen 
saturation of the culture medium is\ at least 50%. 

61* The method of claim 47L wherein the oxygen 
saturation of the culture medium is au least 80%v 
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62\ The method of claim 46, wherein the 
average cell grof/th rate during the culture period is 
maintained between 0.10 and 0.15 doublings per hour. 

63. The method of claim 55, wherein the growth 

rate is maintained\at about 0.13 doublings per hour^ 

\ \ 

64. The i\ethod of claim 49, wherein the carbon 
source is glycerol. 

65. The mel^hod of claim 37, wherein said 
peptide product is salmon calcitonin precursor. 

66. The methou of claim 37, wherein said 
peptide product is calci"^pnin gene related peptide 
precursor . 

67. The method df claim 37, wherein said 
peptide product is selected\from the group consisting of 
parathyroid hormone, the first 34 amino acids of 
parathyroid hormone and 35 amino acid peptide having a C- 
terminal glycine in position 35 and the first 34 amino 
acids of parathyroid hormone positions 1-34. 

68. The method of claim 47, wherein induction 
is achieved by use of a chemicaA inducer* 



69. The method of claim 58, wherein the 
inducer is at least one agent sele^cted from the group 
consisting of lactose and IPTG. 



70.- The method of claim 3^/ wherein recovering 
said peptide product comprises:. \ 
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(a) separating host cells from the culture 
mediiam ; and 

(b) subjecting the medium to reverse-phase 
liquid chromatography and recovering fractions containing 
peptide product; and 

(c) subjecting said fractions of step (b) to 
cation exchange chromatography, and 

(d) thereafter recovering fractions containing 
[peptide product. 

\^ The method of claim wherein recovering 

said peptide product comprises: 

(a) separating host cells from the culture 
medium; and 

(b) subjecting the medium to reverse-phase 
liquid chromatography and recovering fractions containing 
peptide product; and 

(c) subjecting said fractions of step (b) to 
cation exchange chromatography, and 

(d) thereafter recovering fractions containing 
peptide product. 

\ 72. The methixd of claim 47, wherein recovering 

said peptide product comprises: 

(a) separating ho^t cells from the culture 
medium; and 

(b) subjecting the irte^iium to reverse-phase 
liquid chromatography and reccfe^(^4B9^f^^^^io^s containing 
peptide product; and 

(c) subjecting said frac^ons of step (b) to 
cation exchange chromatography, and 

(d) thereafter recovering ff^ctions containing 
peptide product. 
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73 • The feethod of claim 37, wherein recovering 
said peptide product Ncomprises: 

(a) separatiNjg host cells from the culture 
medium; and 

5 (b) subjecting \the medium to cation exchange 

chromatography and recovering fractions containing said 
peptide product; and 

(c) subjecting the^^^covered fraction of step 

(b) to reverse-phase liquid/cmjW and recovering 
10 fractions containing peptide prvDduct; 

(d) subjecting the reopvered fractions of step 

(c) to cation exchange chromatography, and 

(e) thereafter recoverirra fractions containing 
peptide product. 

The method of claim 2^4, wherein recovering 
said peptide product comprises: 

(a) separating host cells from the culture 
medium; and 

5 (b) subjecting the medium to cation exchange 

chromatography and recovering fractions containing said 
peptide product; and 

(c) subjecting the recovered fraction of step 

(b) to reverse-phase liquid chromatography and recovering 
10 fractions containing peptide product; 

(d) subjecting the recovered fractions of step 

(c) to cation exchange chromatography, and 

(e) thereafter recovering fractions containing 
peptide product • 

( ^ 75. The method \^ claim 47, wherein recovering 

said peptide product compris 

L- 
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separating host cells from the culture 

medium; <^>i^d \ 

(b) SBUbjecting the medium to cation exchange 
chromatography amd recovering fractions containing said 
peptide product ;\and 

(c) subjecting the recovered fraction of step 

(b) to reverse-phasW liquid chromatography and recovering 
fractions containingX peptide product; and 

(d) subjecting the recovered fractions of step 

(c) to cation exchangeX chromatography , and 

(e) thereafter recovering fractions containing 
peptide product. \ 

76. The method of claim 70, wherein the 
peptide product has at leasit one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine of the peptide product is sulfonated 
during at least a portion of said method of recovering 
peptide product. \ 

77. The method of claiit\71, wherein the 
peptide product has at least one cysteine in its 
molecular structure and wherein at leaast one sulfhydryl 
group of a cysteine of the peptide proiduct is sulfonated 
during at least a portion of said method of recovering 
peptide product. \ 

78. The method of claim 72, wherein the 
peptide product has at least one cysteine rn its 
molecular structure and wherein at least onev sulfhydryl 
group of a cysteine of the peptide product ia sulfonated 
during at least a portion of said method of recovering 
peptide products \ 
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79. ffhe method of claim 73, wherein the 
peptide product \has at least one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine of the peptide product is sulfonated 
during at least a\ portion of said method of recovering 
peptide product. 

80. The method of claim 74, wherein the 
peptide product has et least one cysteine in its 
molecular structure and wherein at least one sulfhydryl 
group of a cysteine or the peptide product is sulfonated 
during at least a por-^ion of said method of recovering 
peptide product. 



81. The method of claim 75, wherein the 
peptide product has at l^ast one cysteine in its 
molecular structure and wherein at least one sulfhydryl 



group of a cysteine of the peptide product is sulfonated 
during at least a portion pf said method of recovering 
peptide product. 




82. The methodi--cyr\^<iIalm 72, further comprising 
altering the pH of the culturb medium, immediately after 
teirminating fermentation, to a level where proteolytic 
degradation of product is reduced. 



83. The method of claim 82, wherein salmon 
calcitonin precursor is the peptide product and pH is 
adjusted to between 2.5 and 4.0. 



84- The method of claim 83 > wherein the pH is 
adjusted to between 3 and 3.5. \ 
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l85. The method of claim 82, further comprising 
lowering tbe temperature of the culture medium to below 
10 after ^fermentation is terminated. 
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86 A A method of producing an amidated peptide 
product compr^ing the steps of: 

(a) aulturing the host cell of claim 20 in a 
culture medium wherein the peptide product includes a C- 
terminal glycine] 

(b) recbvering said peptide product from said 
culture medium; and 

(c) converting said peptide product to an 
amidated peptide by\ converting said C-terminal glycine to 
an amino group. 
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87. A method of producing an amidated peptide 
product comprising the^"*^®?^ 

(a) culturing\the host cell of claim 35 in a 
culture medium wherein- tl^e peptide product includes a C- 
terminal glycine; 

(b) recovering ^a id peptide product from said 
culture medium; and 

(c) converting sala?a peptide product to an 
amidated peptide by conv^ti^ s^dd C-terminal glycine to 
an amino group. 



38. A method of prdfiucing an amidated peptide 
comprising: 

(a) culturing host cells which express a 
peptide product having a C-termi\ial glycine together with 
an N-terminal signal peptide under conditions wherein 
growth of said host cells is controlled to stay within a 
range of 0.05 to 0.20 doublings peryiour; wherein the 
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culture is induced during some of the period of said 
controlled growth; 

Y (b) recovering said peptide product from the 
culture media; and 

\c) converting said peptide product to an 
amidated peVtide by converting said C-terminal glycine to 
an amino group. 

89- YThe method of claim 83, wherein the host 
cell is cultured in a culture medium in the presence of 
an inducer, whil'^ maintaining an average cell growth rate 
during culturing ^hetween 0.05 and 0.20 doublings per 
hour. \ 

90. The method of claim 84, wherein the host 
cell is cultured in aNculture medium in the presence of 
an inducer, while maihraining an average cell growth rate 
during culturing betweer\o.05 and 0*20 doublings per 
hour. \\ 

91. The method ,Af claim 86, wherein the 
peptide product is salmoRT^dS^ci^ precursor or 
calcitonin gene related \^i^p€^e^"precursor. 

92. The method of cMim 87, wherein the 
peptide product is salmon calciTOnin precursor or 
calcitonin gene related peptide precursor.. 

93. The method of claim a^, wherein said 
conversion to amidated peptide is accomplished by: 

(a) forming a reaction mixtuW by contacting 
said peptide product with oxygen and a ^ducing agent in 
the presence of peptidyl glycine ct-amidaMng 
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monooxygenase, or peptidyl glycine a-hydroxylating 
monooxygenasye ; 

(b) \ if peptidyl glycine oc-ainidating 
monooxygenase 3^ not used in step (a) , and if the 

5 reaction mixtures is not already basic^ then increasing pH 

of the reaction mixture until it is basic; and 

(c) recovering said amidated peptide from said 
reaction mixture. \ ' 

94. The metftod of claim 87, wherein said 
conversion to amidated peptide is accomplished by: 

(a) forming a rWction mixture by contacting 
said peptide product with cjxygen and a reducing agent in 

5 the presence of peptidyl glycine a-amidating 

monooxygenase, or peptidyl glycine a-hydroxylating 
monooxygenase; \ 

(b) if peptidyl glycrne a-amidating 
monooxygenase is not used in steb (a) , and if the 

10 reaction mixture is not already basic, then increasing pH 

of the reaction mixture until it iaJs^ic; and 

(c) recovering said amidate^H^ from said 
reaction mixture. \ 

95. The method of claim 88, wherein said 
conversion to amidated peptide is accomplished by: 

(a) forming a reaction mixture \y contacting 
said peptide product with oxygen and a reducing agent in 

5 the presence of peptidyl glycine a-amidating 

monooxygenase, or peptidyl glycine a-hydroxy\ating 
monooxygenase ; \ 

(b) if peptidyl glycine a-amidating \ 
monooxygenase is not used in step (a) , and if the 
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reaction miocture is not already basic, then increasing pH 
of the reaction mixture until it is basic; and 

(c)\recovering said amidated peptide from said 
reaction mixtUM. 

96. Tnfe method of claim 93, wherein recovering 
amidated peptide comprises at least one of the steps 
selected from the gitoup consisting of cation exchange 
chromatography and reverse phase chromatography. 

97. The method of claim 94, wherein recovering 
amidated peptide comprises at least one of the steps 
selected from the group camsisting of cation exchange 
chromatography and reverse\phase chromatography. 

98. The method of Vlaim 84, wherein recovering 
amidated peptide comprises at Yeast one of the steps 
selected from the group consisting of cation exchange 
chromatography and reverse phase\ chromatography . 

99. A method for direq€}^^mr^j3^ion of a 
peptide product into a culture medium comprising the 
steps of : \ 

(a) culturing host cells whiich express said 
peptide product together with a signal \peptide, in said 
medium, under conditions wherein growth Vjf said host 
cells is controlled to stay within a range of 0.05 to 
0.20 doublings per hour; wherein an induceo: is present 
during some of said period of controlled gMwth; and 

(b) recovering said peptide product from the 
culture medium. \ 
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100 • iShe method of claim 99, wherein a 
membrane-^ermeabriizing amount of glycine is present in 
the medium during at least a portion of said period of 
controlled growth. 




101, The megM^^^^of^ claim 99 wherein oxygen 
saturation averages over \q% in said medium during the 
period of controlled growthV 



